Abstract This retrospective analysis conducted using data from patients enrolled onto the Herceptin Adjuvant has two objectives: The first is to evaluate the impact of the time interval between the end of adjuvant trastuzumab and distant recurrence (TDRI) upon overall survival (OS). The second is to describe the duration of trastuzumab-based regimens in the metastatic setting for patients previously treated with adjuvant trastuzumab. The first objective included 187 patients treated with adjuvant trastuzumab and diagnosed with distant recurrence at 4-year median follow-up. The second objective included data from questionnaires sent to investigators retreating patients with trastuzumab upon distant recurrence: 144 of 156 questionnaires were returned (93 %), and 90 patients were selected based on available clinical information and consent for subsequent studies. There was no statistically significant relationship between TDRI following 1 year of adjuvant trastuzumab and OS from distant recurrence: hazard ratio 0.991, p = 0.46. The median OS from distant recurrence was numerically longer among patients with a Breast Cancer Res Treat (2016) 155:127-132 DOI 10.1007 TDRI of C12 months (n = 103) than \12 months (n = 84) but not statistically significant (23.7 vs. 17.8 months, p = 0.47). The median duration of first-line trastuzumabbased regimens for patients previously treated with adjuvant trastuzumab and diagnosed with distant disease recurrence was 8.8 months (n = 88). This retrospective, exploratory study suggests that TDRI did not impact on OS measured from distant recurrence. We argue that prospective collection of treatment information beyond disease progression should be included in future clinical studies.
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Introduction
Over the past two decades, there have been significant improvements in the treatment and outcome of women diagnosed with HER2-positive (HER2?) breast cancer [1, 2] . In the early-stage setting, seminal studies have demonstrated significant benefit in outcome with the addition of trastuzumab to chemotherapy-based regimens for patients diagnosed with HER2? breast cancer [3] [4] [5] .
The HERA trial represents one of those studies and compares 1 or 2 years of trastuzumab treatment with observation after standard chemotherapy in women with HER2? breast cancer [3, 6, 7] . Dramatic improvements have also been observed in the metastatic setting. Continuation of HER2 blockade with trastuzumab beyond disease progression proved to be an effective strategy [8] [9] [10] [11] [12] . More recently, studies including newer anti-HER2 drugs (e.g., pertuzumab, trastuzumab emtansine) showed substantial gains in OS in patients with HER2? metastatic breast cancer [1, 2, 13] .
While marked gains have been observed in early-stage and metastatic setting, there has been a paucity of data describing the patterns of treatment beyond disease recurrence for patients treated with adjuvant trastuzumab for HER2? early-stage breast cancer. Therefore, questions such as the impact of disease-free interval (DFI) on the benefit of anti-HER2 regimens in the metastatic setting and the actual benefit of trastuzumab-based regimens upon disease recurrence for patients previously treated with adjuvant trastuzumab remain unclear.
In this exploratory study, we used data from HERA trial and investigated the impact of the interval between the end of adjuvant trastuzumab and distant recurrence (TDRI) upon OS, and the duration of trastuzumab-based regimens in the metastatic setting.
Patients and methods
HERA recruited 5102 patients with HER2? (centrally confirmed overexpression or amplification), early-stage breast cancer who had completed locoregional therapy (surgery with or without radiotherapy) and received at least four cycles of approved adjuvant chemotherapy. Patients were randomly assigned to observation, 1 year of trastuzumab or 2 years of trastuzumab [3] . Patients randomized to 2 years trastuzumab are not part of this study.
We considered the database with clinical cut-off date 9th June 2008 at 4-year median follow-up data from HERA [7] . Patients treated with adjuvant trastuzumab and diagnosed with distant recurrence after the scheduled treatment period were identified. To obtain further information on the duration of trastuzumab-based regimens in the advanced setting, a questionnaire was sent to investigators retreating patients with trastuzumab upon distant recurrence. Written informed consent was required for patients to enter the HERA trial. Ethics approval was obtained from the centers for the protocol amendment that allowed collection of additional data in the questionnaire for deceased patients.
This study aims at answering two questions: first, the impact of TDRI on OS: here 187 patients randomized to 1 year of trastuzumab and diagnosed with distant recurrence at 4-year median median follow-up were included. Patients with early distant recurrence (e.g., progressing while on adjuvant trastuzumab) are not part of this study. The second is the duration of trastuzumab-based regimens in the advanced setting: here 90 patients retreated with trastuzumab in the metastatic setting were included in our analysis.
Study endpoints
The primary endpoint of HERA was DFS, defined as time from randomization to the first occurrence of any of the following events: recurrence of breast cancer at any site; development of ipsilateral or contralateral breast cancer, including ductal carcinoma in situ; second non-breast malignant disease other than basal-cell or squamous-cell carcinoma in situ of the cervix; or death from any cause without documentation of a cancer-related event. OS was a secondary endpoint and defined as time from randomization to death from any cause, with patients still alive at last follow-up being censored. Additional study details have been described elsewhere [3] .
TDRI was defined as the time interval between the end of adjuvant trastuzumab and first documented distant recurrence (Fig. 1) . OS from distant recurrence was defined as the time interval from distant disease recurrence to death from any cause. The duration of trastuzumab treatment in the advanced setting (data obtained from questionnaires) was defined as the number of days between the treatment start date and end date ?1. For patients with no treatment end date reported, the duration was censored at the date of the questionnaire.
Statistical considerations
The impact of TDRI on OS in months from distant recurrence was evaluated in an unstratified and a stratified Cox proportional hazards model. The stratification factors considered were local hormone receptor status, nodal status, and tumor size (cm).
Kaplan-Meier plots of OS after distant recurrence are presented. Statistical analyses used SAS software (version 9.2 and 9.3).
Results
As noted, the first objective involved 187 patients. Table 1 shows baseline clinico-pathologic characteristics of these 187 patients according to TDRI (\12 or C12 months). The proportion of patients with hormone receptor-positive status was higher in the cohort with TDRI C12 months compared to that in the cohort with TDRI\12 months. The distribution of nodal status was balanced among the cohorts with TDRI \12 months and TDRI C12 months.
Overall survival from distant recurrence according to time to distant recurrence interval
The median OS from distant recurrence was numerically longer among patients with a TDRI of C12 months (n = 103) than \12 months (n = 84) but not statistically significant (23.7 vs. 17.8 months, p = 0.47), as detailed in Fig. 2 .
There was no statistically significant relationship between TDRI (in months) and OS from distant recurrence (in months) (HR 0
Duration of trastuzumab-based regimens as firstline treatment in the advanced setting
As noted, the duration of trastuzumab-based regimens in the advanced setting was assessed using information obtained from questionnaires. 144 out of the 156 questionnaires were returned (92.3 %), and 90 patients were selected based on available clinical information and consent for further studies. Of note, 14 of these 90 patients were randomized to observation and received adjuvant trastuzumab after selective crossover.
As detailed in Fig. 3 , the median duration of trastuzumab-based regimens for metastatic disease was 8.8 months (n = 90), 9.4 months in the ER? cohort (n = 36) and 8.8 months in the ER-cohort (n = 52); (n = 2, unknown).
Discussion
The results from this retrospective exploratory study suggest that time to distant recurrence upon completion of adjuvant trastuzumab did not impact on OS of patients experiencing distant recurrence.
Historically, the duration of disease-free interval from the end of adjuvant chemotherapy to disease recurrence has been used as an indicator of resistance to the previous line of therapy. Bonadonna et al. [14] reported in 1985 that the benefits with Cyclophosphamide, Methotrexate, and Fluorouracil (CMF) re-treatment were clearly related to the duration of DFI and encouraged physicians to consider administering the same drug combination when relapse occurs after 12 months of DFI, whereas for shorter remission duration, non-cross resistant regimens should be used. Similarly, the concept of DFI and benefit of chemotherapy had been addressed by Buzdar et al. [15] in 1981 who demonstrated that objective responses to FAC (Fluorouracil, Doxorubicin [Adriamycin], and Cyclophosphamide) occurred only among patients who had relapses after discontinuation of chemotherapy, but there was no correlation between time to recurrence after discontinuation of adjuvant chemotherapy and subsequent response with doxorubicin-containing regimens. Contemporary metastatic breast cancer studies usually do not allow the enrollment of patients with a short DFI. In the Clinical Evaluation of Pertuzumab and Trastuzumab , eligibility criteria included disease progression after a first-line treatment in the advanced setting and patients diagnosed with metastatic disease within 6 months after treatment for early-stage disease.
Our results suggests TDRI following 1 year of adjuvant trastuzumab did not impact on OS measured from the time of distant recurrence among patients diagnosed with earlystage HER2? breast cancer. Distant recurrence was selected as a preferred endpoint to DFS to eliminate the confounder effect of potentially curative DFS events (e.g., contralateral breast cancer, ductal carcinoma in situ). The median OS from distant recurrence was numerically longer among patients with a TDRI of C12 than \12 months, but not statistically significant. While our study does not support the concept of inferior OS outcome from distant recurrence for patients experiencing a shorter TDRI, it is unclear whether similar results would be observed in different studies.
Of importance, the lack of detailed information on systemic therapies administered for patients experiencing disease recurrence is a limitation to the interpretation of the current results. We attempted to collect further information on the duration of trastuzumab-based regimens in the firstline advanced setting through questionnaires, and data were obtained from a reduced number of patients (n = 90). In a previous phase II study including 43 patients treated with adjuvant trastuzumab and diagnosed with disease recurrence after a relapse-free interval interval of C6 months, the median progression-free survival (PFS) to trastuzumabbased regimens was 8.0 months (95 % CI, 6-11 months) [16] . Despite different patient populations and limited numbers, our results showed similar median duration of trastuzumab in the advanced setting for patients previously treated with adjuvant trastuzumab.
Data from recent studies showed longer duration for trastuzumab-based regimens in the first-line advanced setting when compared to our results. In CLEOPATRA, the median PFS in the control arm of study with a trastuzumabbased regimen was 12.4 months [17] . Of importance, only 10 % of enrolled patients received prior trastuzumab-based regimens (i.e., adjuvant or neoadjuvant), and the median PFS in this subset was 10.4 months. The addition of pertuzumab to a trastuzumab-based regimen in CLEOPATRA added similar benefit in the subsets treated and not treated with trastuzumab for both PFS and OS [18] .
Retrospective series have demonstrated prolonged benefit from trastuzumab-based regimens among patients without prior exposure to trastuzumab in the adjuvant setting [19, 20] . In the largest retrospective series [19] , trastuzumab naïve patients (n = 438) derived higher clinical benefit to trastuzumab-based regimens in the advanced setting when compared to patients (n = 75) previously treated with adjuvant trastuzumab. In a subsequent study aimed at investigating the clinicopathological features associated with prolonged benefit from first-line trastuzumab-based regimen, patients with prolonged treatment duration (highest tertile, [14 months) were more likely to have not received adjuvant trastuzumab [20] . Of importance, a controlled cohort study showed similar estimates Fig. 3 Duration of trastuzumab-based regimens in the advanced setting of OS from trastuzumab-based regimens in the metastatic setting among patients with and without prior exposure to trastuzumab in the adjuvant setting [21] .
To conclude, we did not provide definitive answers on the impact of TDRI upon OS and the duration of trastuzumab-based regimens in the metastatic setting for patients previously treated with adjuvant trastuzumab.
In spite of limitations, the current work provides two important messages: 1) Prospective collection of treatment information beyond disease progression should be routinely included in adjuvant clinical studies. 2) Historical concepts such as DFI greater than 6 months or greater than 12 months may need to be challenged in the design of future studies in the metastatic setting.
